We report the results obtained by a broad-band (0.5-500 keV) data analysis of narrow-line Seyfert 1 galaxy NGC 4748 observed with an XMM-Newton/PN, IN-TEGRAL/ISGRI and SWIFT/BAT telescopes. This galaxy has a soft X-ray excess that is typical for the class of narrow-line Seyfert 1. The question of the origin of soft excess in such objects is still unclear. We tested and compared two spectral models for the soft X-ray spectra based on the different physical scenarios. The first one is based on the Done & Nayakshin model of two-phase accretion disc in a vertical direction, which includes two reflection zones with different ionization levels. According to this model, we found that a highly ionized reflection has the value of ionization ξ ∼ 3000 erg s −1 cm and is mostly responsible for the soft excess. This reflection becomes comparable with a low ionized one (ξ ∼ 30 erg s −1 cm) in moderate X-ray range. However, this model requires also an additional component at soft energies with kT∼300 eV. The second model is an energetically self-consistent model and assumes that a soft excess arises from optically thick thermal Comptonization of the disc emission. Combination of the UV (from XMM/Optical monitor) and X-ray data in the latter model allowed us to determine a mass of the central black hole of 6.9 × 10 6 M ⊙ and Eddington ratio log L/L Edd ≃ −0.57. Also, we were not able to rule out one of competing models using only X-ray spectra of NGC 4748.
Introduction
The Narrow-Line Seyfert 1 (NLS1) as a specific peculiar subclass of galaxies with active nuclei (AGN) was defined by Osterbrock & Pogge (1985) . The key differences between NLS1 galaxies and "normal" Seyfert 1 (S1) galaxies are the smaller widths of H β line and weaker [OIII] emission (Boroson & Green 1992) .
There are three common optical criteria of the emission line properties to ascertain whether AGN belongs to NLS1 subclass (Osterbrock & Pogge 1985; Goodrich 1989; Boroson & Green 1992; Véron-Cetty et al. 2001 ):
• the FWHM of the H β line is less than 2000 km/s; • the ratio [OIII] 5007Å/H β ≤3; • strong FeII lines, i.e. the ratio R 4570 between fluxes or equivalent widths of FeII 4570Å line and the broad Hβ component R 4570 , is ≥0.5.
However, the first criterion is not sufficiently precise, because the value of 2000 km/s is some simplification of dividing (Goodrich 1989) . According to Sulentic et al. (2000 Sulentic et al. ( , 2008 , and references therein) and Valencia et al. (2012) , the more flexible selection limit for NLS1 is the broad line width (FWHM) of H β ∼4000 km/s.
There are also a number of additional features in X-rays as an extension of the common criteria:
• prominent soft X-ray excess (e.g. Boller 1996; Valencia et al. 2012 ); • steep X-ray power law emission (it is steeper than for broad-line S1s (BLS1)) (e.g. Nandra & Pounds 1994; Valencia et al. 2012 ); • X-ray variability (e.g. Boller 1996; Dewangan et al. 2002; Valencia et al. 2012 ).
Additionally, Zhou et al. (2006) have found a few objects with very faint or non-detectable Fe II emission line, which they called FeII-deficient NLS1 galaxies.
Recently the central black hole mass and Eddington ratio were estimated by Chen et al. (2018) for the sample of NLS1s taken from the 6dF Galaxy Survey. They obtained an average value of 9.55×10 6 M ⊙ and 0.9L Edd respectively, which is a typical value for NLS1s. As for the influence of large-scale environment on the intrinsic properties, the NLS1 host galaxies reside in less dense environments and their distribution is different as compare with BLS1 galaxies; moreover, a large fraction of NLS1 can be classified as having pseudobulges that is in favor of secular processes in the past evolution of their hosts rather than merging processes (Mathur 2011; Pulatova et al. 2015; Järvelä et al. 2017 ). It could confirm their younger age, and that BLS1s could be parent population of NLS1s and unified by orientation.
The first detailed X-ray spectral analysis of NLS1 galaxies has been presented in Leighly (1999) for 23 objects using ASCA and ROSAT data. Later Bianchi et al. (2009) performed the investigation of the properties of 21 NLS1 based on XMM-Newton data and showed that the soft/hard X-ray luminosity ratio of a NLS1 galaxy is typically higher than 1. This can be considered as a sign of the dominance of the soft component in the X-ray spectra. The origin of this soft excess is still unclear (e.g. Gierliński & Done 2004; Sobolewska & Done 2005) .
According to Czerny & Elvis (1987) , the soft excess in NLS1s could be interpreted as a high energy tail of the thermal emission generated in the innermost regions of the accretion disc. Recently, an analysis of the UV/X-ray spectrum of II Zw 177 and its variability have been performed by Pal et al. (2016) using two XMM-Newton observations. They found that both blurred reflection model from an ionized disc and intrinsic disc Comptonization model describe soft excess well. In the same time, Jin et al. (2016) have demonstrated that the soft X-ray spectra of NLS1 RX J1140.1+0307 can be reasonably fitted by blurred ionized reflection as well as optically thick Comptonization models too. These authors also pointed out that the latter model is more preferable.
The presence of these X-ray spectral features in NLS1 could be caused by the relatively small mass of the black hole (∼ 10 6 M ⊙ ) with near-Eddingtonian (or even super-Eddingtonian) mass accretion rate (e.g. Pounds, Done & Osborne 1995; Boroson 2002; Grupe 2004; Marconi et al. 2006; Zhou et al. 2006) . This means that the soft X-ray NLS1 spectrum is emitted mainly from the accretion disc (Jin et al. 2012; Done et al. 2012) . Thus using the optical/UV disc normalization from the wide Spectral Energy Distribution (SED) one can determine black hole mass, accretion rate, and some parameters of the innermost part of the accretion disc (see e.g. Done et al. (2012); Jin et al. (2012b) ). This is an independent method (e.g., the reverberation mapping) to determine the black hole masses.
On the whole, the soft and middle X-ray spectra (i.e., from 0.3 keV up to 20 keV) of NLS1s mainly modelled in the frame of two scenarios:
• the power-law emission reflected by ionized, often relativistically smeared/blurred medium, (Comastri et al. 1998; Fabian et al. 2002 Fabian et al. , 2004 Zoghbi et al. 2010; Fabian et al. 2013 ).
• optically thick (τ ≈ 10), cool (kT ≈0.1-0.3 keV)
Comptonized thermal emission of an accretion disc (Maraschi & Haardt 1997; Magdziarz et al. 1998; Dewangan et al. 2007; Jin et al. 2013 );
The spectral properties of NLS1 galaxies at hard X-rays (above 10 keV) are not fully systematized yet. Suzaku observation of NLS1 galaxy SWIFT J2127.4+5654 in 0.5-50 keV have been analyzed by Miniutti et al. (1999) . They found that central black hole in this AGN appears to be a Kerr black hole with an intermediate spin of ∼ 0.6. Using Suzaku data in 0.4-40 keV range, Terashima et al. (2009) have analyzed the X-ray spectrum of NGC 4051. They showed that this X-ray source was highly variable on short timescales and a spectral model must include a complex partial-covering absorption to explain the shape of spectrum. Recently, Matt et al. (2015) have presented analysis of the combined Swift/XRT and NuS-TAR X-ray data of NLS1 NGC 5506 in 0.8-79 keV. They constrained a highest lower limit to the cut-off energy, which was obtained so far in an NLS1s by the NuSTAR as ∼350 keV (E cut = 720 +130 −190 keV). This limit may indicate an inefficient cooling of the corona due to low-energy photon flux.
As for the averaged X-ray spectral properties of samples of NLS1 galaxies, several works could be noted. The first analysis of the hard-X-ray properties of the sample of five NLS1 galaxies (KRL2007 163, KRL2007 385, WKK 6471, LEDA 835095, and LEDA 090334) from the third IBIS catalogue (Bird et al. 2007 ) has been presented by Malizia et al. (2008) . Their processing of the Swift/XRT and INTEGRAL/IBIS data (up to 100 keV) has shown that the observed spectra of these five objects have an exponential high-energy cutoff below 60 keV and a very steep high value of photon index (Γ = 2.6 ± 0.3) in 20-100 keV energy band.
Later Ricci et al. (2011) and Panessa et al. (2011) analyzed partly overlapped samples of 14 NLS1 galaxies detected by INTEGRAL/IBIS in broad-band X-ray range. In both papers there were also obtained steep values of hard photon index Γ ∼ 2.3.
Our study is focused on the NGC 4748, which has not yet been studied in detail in soft and medium X-ray range.
NGC 4748, which is known as MCG -02-33-034 or RX J1252.2-1324, with a redshift z = 0.01463 (Maza & Ruiz 1989 ) is a quite nearby NLS1 galaxy in Corvus constellation. It is a barred spiral galaxy interacting with a slightly smaller spiral galaxy (Osterbrock & De Robertis 1985; Véron-Cetty & Véron 2006) . NGC 4748 is characterized by a radio-quiet active nucleus (1.4 Ghz flux of 14.0±0.6 mJy, Gallimore et al. (2006) ) as well as a sub-nuclear starburst activity. The Fe II λ4570Å/H β ratio of the object is equal to 0.55, and a H β line width of 1565 km/s (Véron-Cetty & Véron 2006). The mass of the central black hole has been estimated to be 5.5 × 10 6 M ⊙ derived from the optical continuum luminosity (Hao et al. 2005 ) (i.e. using the luminosity at 5100Å and the FWHM of H β (Kaspi et al. 2000) ); 4.2 × 10 7 M ⊙ , through the correlation of the BH mass and the velocity dispersion within the narrow line region indicated by the [OIII] line width (Wang & Lu 2001) , and 2.55
6 M ⊙ through the reverberation mapping method with HST/WFC3 data .
NGC 4748 has a quite steep X-ray photon-index Γ = 2.50 ± 0.17 according to the ROSAT/HRI data (Pfefferkorn, Boller & Rafanelli 2001) and Γ = 2.20 ± 0.11 according to the unabsorbed power-law model (Landi et al. 2010 ) based on Swit/XRT spectrum. Panessa et al. (2011) obtained a photon index of Γ = 2.01 ± 0.13 and no cut-off at high energies. No Fe-K emission lines and reflection components in the composite Swift/XRT + INTEGRAL/ISGRI spectrum were observed. They also found the luminosity ratio between 0.1-2.0 keV and 2-10 keV band slightly higher than 1.
In this paper we present our results on the detailed case-study of the NGC 4748 using the X-ray observational data obtained by INTEGRAL/ISGRI, XMMNewton, and Swift/BAT missions. This allowed us to analyze a wide-band X-ray spectrum up to ∼500 keV.
The paper is organized as follows: Section 2 describes the observational data and their reduction; Section 3 contains a short timing analysis; Section 4 presents the results of spectral fitting, and Section 5 contains the discussion of the obtained results.
Observations and data reduction
We used the XMM-Newton (EPIC and OM), SWIFT/BAT and INTEGRAL/ISGRI datasets in our analysis. We describe below the reduction applied to the initial data to obtain the spectra and lightcurves.
2.1 XMM-Newton NGC 4748 was observed by the XMM-Newton mission on 2014 January 14 (OBSID 0723100401, PI. B.Kelly) for ∼ 69 ks. During the observational time all three EPIC cameras were operated in Large-window mode using the Medium filters for MOS cameras and Thin1 filter for PN camera. The EPIC data were processed using the standard software package XMM SAS ver. 14.0. Only the data from EPIC PN camera were used due to their higher quantum efficiency and larger effective area at lower energies compared with the MOS cameras. The standard SAS chain epproc was applied for primary data reduction. The single-and double-photon events were taken into account (i.e., the PATTERN≤4). To exclude bad pixels and near-CCD-edge events from our consideration, the filter FLAG=0 was also applied. The source spectra and light curves were extracted from the source-centered 32 sec-radii circular region, while the empty regions on the same CCD chip were chosen to extract the background counts. The periods of time with comparably high flaring particle background were removed from the cleaned event files using the tabgtigen task. Pile-up check, performed with the epatplot metatask had detected the presence of a slight pile-up in the PN image. That is why we have excluded the central region of the source with the radius of 10 sec from our consideration to fix this problem. Unfortunately, we could not corrected completely the pile-up effect for double events. By this reason, we worked only with single events (i.e., PATTERN==0).
Ancillary files and response matrices were obtained using the standard chains arfgen and rmfgen. The extraction of background-subtracted lightcurves was made by the standard lcmath task included in FTOOLS. The effective exposure of the PN observation is 28190 s, with the averaged count rate on the level of 2.99 cts/s. Finally, the spectrum in 0.5-10 keV range was rebinned with at least 30 counts in a spectral channel.
Within this XMM-Newton observation of NGC 4748, the UV observations by the Optical monitor (OM) in UVM2, UVW1, and U filters were also available. These data were processed using the specialized SAS metatask omichain. Then, om2pha chain was performed to obtain the OGIP II-type file for simultaneous spectral fitting with the EPIC data as additional spectral bins. We have added 5% systematic errors to these UV bins. We also corrected our UV data for the Galactic extinction following Schlafty & Finkbeiner (2011) and Schlegel, Finkbeiner & Davis (1998) , by E(B-V)=0.0441.
INTEGRAL & Swift
The ISGRI dataset of the INTEGRAL observations analyzed in the given paper includes all the data publicly available in INTEGRAL data archive on 1st April 2015, i.e. spacecraft revolutions from 0077 to 1080. The total ISGRI exposure time of the dataset, which had been used, is 1.04 Ms (including all the observations when the object was at the angle less than 10
• off-axis). We performed INTEGRAL IBIS/ISGRI data analysis with version 10.1 of the Off-line Scientific Analysis software (OSA). We used standard recipes of spectral extraction for IBIS/ISGRI and OSA software. All the spectra were extracted individually for every science window and then summed up into the whole set. The source is observed by ISGRI up to ∼ 500 keV . The significances of detection are 29σ in 17 ÷ 80 keV and 30σ in 80 ÷ 250 keV .
The Swift/BAT stacked spectra in 14-195 keV energy range and Crab-weighted light curve are available from the 70 month catalog (2004) (2005) (2006) (2007) (2008) (2009) (2010) 1 . The effective exposure time is 7.093 Ms, with the average count-rate 2.04 × 10 −5 cts/s.
3 Lightcurves and variability Figure 1 shows the XMM-Newton background-subtracted light curves of NGC 4748 obtained by EPIC PN camera in two bands -0.5-2.0 keV and 2-10 keV and their ratio (2-10 keV/0.5-2.0 keV). During the XMM-Newton observation, the light curve show a significant variability, as it expected for NLS1 type of galaxies. To check the time variabilities during the observation, we applied the FTOOLS task lcstats to each light curve. This task performs statistical analysis, and, among other values, provides the constant source probability, associated to the χ 2 value and RMS fractional variation. Thus, assuming a hypothesis of a constant light curve, we obtained χ 2 /d.o.f. = 2529/65 (f rms,sof t ∼ 18%) in the soft band and χ 2 /d.o.f. = 199/65 (f rms,hard ∼ 14%) in the hard band, which indicate a significant variability in both energy ranges. The average count rate is 4.81±0.02 cts/s in the 0.5-2.0 keV band and 0.77±0.09 cts/s in the 2.0-10.0 keV. The detailed timing analysis of the observed light curves is not the aim of this paper, and presented in a separate paper (Fedorova 2017) . In this article, we performed the spectral analysis for the time-averaged spectrum. 
Spectral fitting
In our analysis we have applied several models of different levels of complexity, for the EPIC/PN spectrum alone or fitted together with OM, Swift/BAT and IN-TEGRAL/ISGRI spectra.
All the spectral fits were performed using XSpec v.12.8 of HEASOFT package, version 6.16. The Galactic absorption was modelled using tbabs model by Wilms et al. (2000) and included as the fixed value of 3.52 × 10 20 cm −2 in all the models, following the results by Leiden/Argentine/Bonn (LAB) Survey of Galactic HI (Kalberla et al. 2005) 2 . The inclination angle to the line-of-the-sight was frozen to the value of 52
• following the information from LEDA database. The value of the intercalibration constant used in our simultaneous modelling of XMM-Newton/EPIC, INTE-GRAL/ISGRI, Swift/BAT spectra was in the range 1.2-0.8, that means within the typical range of values 2.0-0.5. The errors, lower and upper limits correspond to a 90% confidence level (∆χ 2 = 2.71) for one interesting parameter. Throughout the paper we adopt the following standard cosmological parameters: H 0 = 70 km s
'Baseline' models
We started our spectral analysis from a simple powerlaw model with galactic N H applied to the EPIC/PN spectral data in 2-10 keV energy range. (2012)), we used the Xspec simftest script with 5000 trials for each of edges and found that the probabilities for the absorption edges to be required are ∼ 99.97% (for edge at ∼ 0.61 keV) and ∼ 99.9995% (for edge at ∼ 0.73 keV).
The derived spectral model provides a good fit but a slight excess between 5-7 keV is still present. For this reason, we added one narrow Gaussian emission line with fixed line width at a value of σ = 0.01 keV, thus improving the quality of fit to χ 2 /d.o.f. = 425/423. We found the centroid value of the line energy to be 6.43 +0.11 −0.14 keV (that is consistent with neutral Fe K α line) and the equivalent width EW = 115 +76 −61 eV. However, after addition of a narrow iron line, there were still residuals presented at energies ∼ 7 keV. Therefore, we added a second line component to the model and refit the data. The fit gives a centroid energy of 7.03 Table 1) . In order to model a possible contribution of reflection spectral component and to take into account the presence of Fe lines, we also applied physical modeling. To begin we tried to replace the powerlaw and Fe Gaussian line by the pexmon model (Nandra et al. 2007 (2011) and Vasylenko et al. (2015) . However, pexmon model includes only "cold" reflection. The ionization of the reflecting material was taken into account within the better reflection model xillver (García & Kallman 2010; García et al. 2013) . Thereby, pexmon model was replaced by more physically realistic XSTAR-generated xillver model. In addition to the disc reflection, we include an intrinsic powerlaw continuum and for xillver component we linking photon index to the one of the powerlaw component. The resulting fit has χ 2 /d.o.f. = 420/426. The best-fit values of parameters are Γ=2.09±0.04, ionization ξ=61
(quantified as ξ = 4πF/n erg s −1 cm, where F is the ionizing flux at the surface of the disc, and n is the density). We note that if we assume the Fe abundance as a free parameter, we get the value A F e ≈13, but if we fix it A F e ≡1, then the ionization value will change very slightly ξ ∼ 54.
The best-fit parameters for this "baseline" fitting of EPIC/PN spectrum are listed in Table 1 .
As a next step in our analysis, we included the INTE-GRAL/ISGRI and Swift/BAT spectra, extending the energy range to the hard X-rays. We modelled these data using both of the reflection components -pexmon and xillver, which was described above. Both models proved to be a good fit: Table 2 . We defined a reflection flux fraction by xillver model fitting, as the ratio between unabsorbed 20-40 keV fluxes of the reflected and the incident components (as it is described by e.g., García et al. (2011) and Dauser et al. (2016) ).
This fraction is about 0.5 for both PN+ISGRI and PN+BAT spectra.
The broad-band X-ray double reflection model
The physical explanation of the soft excess in galaxies such NLS1 is still debated. As it was already mentioned in Section 1, two possible explanations exist. According to first of them, the soft excess is a reflection from partially ionized accretion disc regions.
We tried to test a such scenario according to the assumption proposed by Done & Nayakshin (2001) , where the accretion disc has a discontinuous vertical structure with two skins that have a different ionization state. For simplicity, we do not include any relativistic smearing model (such as relxill ). We will analyze X-ray spectrum of NGC 4748 with this component in the separate paper.
Thus, we adopted a model, which consists of two xillver (to account of both the neutral and ionized reflection) components and one power-law as the illuminating continuum. For the reflection component we tied both photon indices to the one of the power-law. . If we calculate reflection flux fraction as it shown in the previous subsection, we then obtain the following values R F neutr ∼ 0.29 and R F ion ∼ 0.38 in the 20-40 keV band. We also calculated these fractions in 0.5-2.0 keV band in order to determine the relative contribution of ionized reflection into the soft excess and found R F ion ∼ 0.6. Along with it, the neutral reflection value is found to be significantly smaller R F neutr ∼ 0.04.
We also apply this model to the EPIC/PN plus Swift/BAT spectra. This gives us an excellent fit of The observed data, the models, and the residuals are shown in Fig. 2, Fig. 3 and Fig. 4 , and the best-fit parameters for the double-reflection model are listed in Table 4 .
In summary of this subsection, we found that a joint fit of broad-band EPIC/PN plus ISGRI or/plus BAT spectra are described well by the model with reflection from two ionization states, and trend of changes of re- flection fractions with energy is the same through all three combinations of spectra. We will discuss our results in the Section 5.
The UV to X-ray Comptonisation model
The strong soft X-ray excess emission, except a reflection scenario, can also be described by optically thick (τ ∼ 10 and even higher) thermal Comptonization (with kT e ∼ 0.1 − 0.2 keV) in the inner part of accretion disc. In order to check this assumption, we adopted the physical model optxagnf , which describes the AGN spectrum within the range from optical/UV emission to hard X-rays. This model realizes the scenario including the intrinsic Compton emission upscattered in the warm optically thick medium of accretion disc, which responsible for the soft X-ray excess; power-law emission from optically thin hot corona as well as colour-corrected blackbody emission of thermalized accretion disc (UV band). The main interesting parameters of this model are as follows:
1. M BH , the central black hole mass; 2. L/L Edd , Eddington ratio; 3. R cor , the coronal radius, in units of the gravitational radius R g ; 4. kT e , the soft excess electron temperature; 5. f pl , the fraction of power between R cor and R ISCO , that emitted as high-energy Comptonized component, characterized by the power-law model.
An additional model xillver has been added to fit the reflection spectral features. A Galactic reddening factor has been modeled by uvred model. We tried to fit the EPIC/PN and Optical monitor UV data together using this model with a fixed value of the black hole mass at 2.55 × 10 6 M ⊙ by Bentz & Katz (2015) ; the spin value also was frozen to 0. The resulting fit, however, was not acceptable, yielding χ 2 /d.o.f. = 1137/540, which is mainly due to significant underestimation value of UV emission. Therefore, we tried to use the black hole mass as a free parameter and obtained significantly better fit of χ 2 /d.o.f. = 426/428 with M BH = (6.9 ± 0.4) × 10 6 M ⊙ and coronal radius R cor = 11.3±0.5R g . The best-fit values of other parameters are log L/L Edd = −0.57±0.02, Γ=1.94±0.01. One can see that the value of the black hole mass has been increased that consists with the results, obtained by other authors (see e.g. Jin et al. (2013); Starling et al. (2013) ). Also, the obtained value of the coronal radius is in agreement with the expected ones for NLS1 Jin et al. 2012a Jin et al. , 2016 . The observed data, the model, and the residuals are shown in Fig. 5 , the best-fit model (without Galactic absorption tbabs for clarity) is shown in Fig. 6 , and the best-fit parameters are listed in Table 3 .
Discussion
The X-ray continuum and soft excess. Our wide-band fitting allows us to compare two possible multicomponent models for description of the X-ray spectrum of the narrow-line Seyfert 1 galaxy NGC 4748.
The first model by Done & Nayakshin (2001) represents a sandwich-like disc consisting of layers with different density and ionization grades in the vertical dimension. These authors calculated the X-ray spectrum from the illuminated gas in hydrostatic balance. The soft excess in this model mainly originates as a result of reflection from the hot partially ionized skin of the accretion disc. According to this model, the behaviour of power-law index Γ is different in relation to ionization parameter ξ and optical depth of hot layer τ h . Mainly, there is a direct correlation between Γ and ξ, while dependence between Γ and τ h is inverse. Reflection features from low or mildly ionized material came from deeper layers of accretion disc under the ionized skin.
One can see from of our modelling that the fraction of highly ionized component within this model is significantly higher than of the mildly ionized one in 0.5-2.0 keV energy band. Namely, the mean values of reflection fraction are R F neutr ∼ 0.04, R F ion ∼ 0.54, while these fractions become nearly equal in 20-40 keV energy band ( R F neutr ∼ 0.31, R F ion ∼ 0.34). This demonstrates that the ionized reflection component plays an essential role in the formation of a soft excess.
However, observational data also required an additional soft component, besides ionized reflection. This component was fitted by zbremss model, which can be explained in two ways. Firstly, the soft component is really represented by bremsstrahlung process that occurs in the hot ionized skin. Secondly, it can be moderate low-temperature Comptonization that occurs in the inner disc parts.
The second (i.e. the optxagnf) model is more focused on the soft excess and interprets this feature as a sum of the thermal emission of optically thick Comptonized disc while high-energy tail is generated by ionized, optically thin corona. Values of spectral parameters obtained within this model are physically reasonable, for example, the coronal radius (R cor = 11.3 ± 0.5R g ), fraction of power f pl = 0.53 ± 0.01, and Eddington ratio log L/L Edd = −0.57 ± 0.02, which are in a good agreement with the scheme by Done et al. (2012) and comparable with the values that were obtained by other authors for NLS1 galaxies (see e.g. Jin et al. (2012a Jin et al. ( , 2016 ; Laha et al. (2013) ).
Fe overabundance. The reflection models used for fitting have showed high values of iron abundance. However, there are no the very strong Fe lines, neither neutral nor ionized, in the X-ray spectrum of NGC 4748. At first glance, we meet here an obvious contradiction: a high value of iron abundance (obtained from the modelling of the continuum emission) is not accompanied by the prominent iron emission lines in the 6.0-7.0 keV energy range. However, there are some possible explanations of the presence of significant iron amount.
The first one is the effect of a radiative levitation described by Reynolds et al. (2012) . The point is that a radiation pressure of the strong UV/EUV emission in central disc regions could produce a net upward force on the moderately ionized Fe atoms significantly stronger than the vertical gravity. Hydrogen and helium-like ions of iron play the minimal role in this process. Radiative levitation crowds out iron ions from the accretion disc volume to its photosphere causing the increasing abundance of iron here. Following Reynolds et al. (2012) , a radiative levitation can play a prominent role in AGNs with a comparably low mass of the central black hole and quite high accretion rate. Thus, it should be a some connection between iron overabundance and high values of the central BH spin (Gallo et al. 2015; .
Another explanation of iron overabundance in the absence of strong iron emission lines between 6 and 7 keV can be associated with the presence of an ionized wind or outflow. If, as in our case, we have a quite high inclination of the accretion disc to the lineof-sight (∼ 50
• ) (i.e., comparable to the inclination disc of galaxy)
4 , then the emission of central part of AGN on its way to the observer will pass through this outflow or wind emanating from the disc surface. In this case, the inhomogeneities or highly ionized blobs in such outflow can cause significant absorption in lines, e.g., resonant absorption lines of FeXIX Kα and FeXXVI Kα near 6.4 and 6.9 keV, respectively. The similar effect was detected, for instance, in NGC 4258 by Young & Wilson (2004) . Moreover, outflows may be responsible for the presence of moderate O VI, O VII edges as evidence of warm absorption.
Recently, García, Fabian & Kalmann (2016) discussed that such Fe overabundance, as well as soft excess, can be explained by models of reflection spectra with illuminated atmosphere densities larger (i.e., n e > 10 17 cm −3 ) than the commonly assumed (n e = 10 15 cm −3 ). Authors suggested that first feature arises through the underestimation of the Fe line production at high densities, and enhanced emission at soft energies occurs due to the significant increase of free-free heating (i.e., bremsstrahlung) that provides raising gas temperature.
The Fe emission lines and neutral reflection. We found a presence of two weak emission lines, which are, presumably, the lines of neutral (E F eK =6.43 keV, EW ∼ 115 eV) and highly ionized Fe (E F eXXV I =7.02 keV, EW ∼ 235 eV). It is widely assumed that the Fe lines are formed in a thin surface layer of the accretion disc and follow, among others, the ionization state of matter in this region (Fabian et al. 2000) . Additionally, the line broadening σ allows us to determine the approximate location of Fe lines emission region in the radial direction. Thus, if we calculate the velocity broadening of FeXXVI line, we obtained V F W HM ∼ 24000 km s −1 , but this value for neutral Fe line is only about ∼ 1100 km s −1 . This means that the ionized Fe line originates in the inner parts of an accretion disc, while the neutral Fe Kα line originates in the outer parts, or/and in a dusty torus with a small covering factor. It is in consistency with an assumption that the accretion disc becomes more ionized with decreasing of the radius.
The characteristics of neutral reflection and weak Fe K line described in Subsection 4.1 are in agreement with both of models discussed above because they can be simply explained by the geometrical factor which is irradiation of the external cold parts by a primary emission at grazing small angles. It is worth noting that Nayakshin et al. (2000) had shown in the modeling of reflection with hydrostatic equilibrium that the incident X-ray photons when penetrating into the disc at the decreasing angle of reflective material will undergo a large number of scattering. As a result, a significant signature of the reflection spectrum will be absent.
The similar results has obtained by Merloni et al. (2006) , where the accretion disc model with radiation pressure domination was discussed. This model assumed that inhomogeneous accretion flow in the inner regions has a multiphase structure in sub-Eddington regime that take place in NLS1 galaxies. The authors found that the contribution of reflection components will strongly depend on the number of small-scale cold clouds in a hot plasma. The amount of this cold matter may be described by using an effective 'cloud' optical depth τ β 5 . In general, the reflection parameter increases with increasing of the optical thickness. In our case, we have reflection R ∼ 0.8 and photon index Γ ∼ 2, obtained using the pexmon model. Therefore, according to the model of inhomogeneous accretion flow, cold phase optical depth should have a low value τ β ∼ 1-2 (see Fig. 2 in Merloni et al. (2006) ). In addition such value of τ β provides a clear variability of the X-ray light curve. However, we must be careful with the interpretation, because shape of spectra and light curve characteristics also depend strongly on the geometry and relative position of hot and cold regions.
Conclusions
In this paper, we have presented an analysis of the timeaveraged broad-band X-ray spectrum of NGC 4748. We examined two spectral models -the double reflection and the intrinsic disc Comptonization. Both of spectral models provide us physically reasonable parameters, even despite the obviously exaggerated value of iron abundance.
The first of these models represents the hypothesis of a two-component accretion disc, namely a strongly ionized inner disc and a mildly ionized outer disc. From this approach, we found that contribution of reflection with respect to the power-law continuum is changeable with ionization state and energy range, i.e. R F neutr ∼ 0.04 and R F ion ∼ 0.54 in 0.5-2.0 keV band and R F neutr ∼ 0.31 and R F ion ∼ 0.34 in 20-40 keV band. Consequently, the ionized reflection is responsible, at least, for a significant part of the soft excess, while it becomes comparable with the fraction value of the neutral reflection in the higher energy range.
The second model can reproduce the UV and X-ray data together and describes the soft excess as thermal Comptonization in the inner disc. As a result, an estimation of the central BH mass of ∼ 7 × 10 6 M ⊙ and Eddington ratio of L/L Edd ∼ 0.3 has been obtained.
However, these two models are not statistically distinguishable with the available observational data.
Nevertheless, the nature of soft excess can be established via correlation variability between different Xray spectral components in combination with another energy band. For example, this may be the variability between the X-ray soft excess and UV emission (Pal et al. 2016) or between optical & X-ray data (Mehdipour et al. (2011) and Chesnok et al. (2009) ). To understand more deeply the nature of NLS1 galaxies and NGC 4748 in particular, we preferably need the long simultaneous observations of XMM-Newton and NuSTAR which allow us, among others, to investigate the Compton hump energy range more precisely, that is very important for a model with two reflecting regions.
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